KEYWORDS: pultrusions under load in fire, phenolic pultrusions, polyester pultrusions, fire behaviour of pultrusions.
INTRODUCTION
Pultruded composites are increasingly employed for structural applications some of which may be sensitive to fire [1] . For that reason, glass/phenolic pultrusions, which have better fire reaction properties (smoke production, heat release, time-to-ignition, etc.), are sometimes used as an alternative to the more commonly employed glass/polyester. The purpose of this investigation was to develop a methodology for the fire characterisation and modelling of pultruded composites and to compare the structural behaviour of phenolic and polyester pultrusions under load in fire.
EXPERIMENTAL
Pultruded glass/phenolic and glass/polyester sections were supplied by Fiberline Composites. These were in the form of structural box sections in which the laminate was 8mm thick. Like many types of pultruded section, these products were manufactured with a 3-layer structure. A unidirectional core provides the main strength and stiffness of the section, protected on both sides from mechanical and chemical damage by layer of continuous strand mat. Flat specimens cut from these sections can therefore be regarded as 'sub-elements' of a typical pultruded composite structure.
Mechanical properties
To model the structural behaviour of a composite laminate in fire, material constants such as longitudinal and transverse stiffness, tensile and compressive strengths are needed as functions of temperature. Experiments were therefore developed and carried out to measure these properties up to high temperature. The results of these tests needed to be fitted as a function of temperature, so a fitting function was provided. Dog-bone shape samples were used for tensile testing of pultruded material specimens, several tests being carried out over a temperature range from 25°C up to 400°C. Instead of performing the tensile measurements in an oven a small jig was designed, comprising aluminium jacket containing a cartridge heater. This was used to maintain a uniform temperature along the gauge length during the test, an arrangement that enabled the specimen ends to be kept cold, thus preventing the material from slipping in the grips. A compression testing jig was designed to provide both temperature control and buckling suppression. The samples were heated in the jig to the desired temperature, then loaded up to compressive failure. Tests were again performed at temperatures from 20°C up to 400°C. Flexural modulus measurements were carried out using 3-point bend creep tests with rectangular specimens having a length/depth ratio of at least 16. The bending rig was placed inside a temperature-controlled oven, as shown in Figure 7 . Once a stable value of the required temperature had been reached the load was applied in a form of a dead weight.
Fire testing under load
The samples were subjected to a constant tensile load and simultaneous 50kWm -2 one side heat flux from a calibrated propane burner as. The cold face of the sample was insulated with kaowool to prevent heat loss and to achieve the most reproducible thermal boundary condition. The time taken for the sample to fail, from the moment the burner was turned on, was recorded as time to failure for several loads. Ultimate tensile strength was also determined, and denoted with a failure time of 1 second.
MODELLING Thermal modelling
A thermal model, based on the Henderson equation [2] has been developed to predict the temperature distribution in a composite exposed to heat flux. The model is, in essence, a onedimensional heat transfer relationship, which takes account of conduction, resin pyrolysis and the effect of the decomposition products passing through the laminate. Thermogravimetric analysis provides the main input parameters for the thermal model. The analysis also provides a measure of the amount of the char left when the resin is spent. The decomposition process of the phenolic resin takes place in two stages. By contrast the polyester resin decomposes in one.
Modelling behaviour under load

